where k E (0,l). Our approach is to construct the Green's function for the appropriate partial difference operator, and almost immediately we establish an existence and uniqueness result for the discrete nonhomogeneous problem.
w -k%z = f(x, t), 2 E w, t > 0, 4x,0) = NX)> I E w, we find the unique solution of the partial difference equation A&, t) -kA;,&z -1, t) = f(z, t), I E z, t I 0, 4x, 0) = 11(1), x E z, where k E (0,l). Our approach is to construct the Green's function for the appropriate partial difference operator, and almost immediately we establish an existence and uniqueness result for the discrete nonhomogeneous problem.
INTRODUCTION
The existence and uniqueness of solutions of the (continuous) diffusion equation
with k E (0,l) is a classical result discussed in elementary partial differential equations texts; Existence-uniqueness results are noted in their work, again using Fourier series arguments. In this work, we will find a Green's function for the discrete diffusion equation, highlight some of the important properties of the Green's function, and then use elementary difference equations techniques to prove the existence and uniqueness of solutions to nonhomogeneous (nonfinite support) discrete diffusion equations.
PRELIMINARIES
In this section, we will find a Green's function for the operator L&x, t) = A&, t) -IcA&zl(a: -1, t), where u : Z x W --f lR and k E (0,l) and then explain the properties of the Green's function we will use in our main results. Note that throughout the paper we represent the set of integers by 21, and the set of whole numbers (nonnegative integers) by W. We begin by verifying that the function S defined by S(x, t) = { l+i=$+l(i";;l) (t:i)w-"k"7 forxz-07 The proof of the following theorem highlights the properties of the function S, which will be used to define the Green's function for the discrete diffusion equation. The proof relies on Pascal's formula and the convention that if the lower limit of summation is greater than the upper limit of summation. then the sum is zero. (1) S is defined for (z, t) E Z x W; (2) S(x,O) = 1, for all 2 > 0 and t E W; (3) S(z,O)=Oforallz<OandtEW;and (4) L,,tS(x, t) = 0, for all (2, t) E z x W.
PROOF. By the definition of S, Properties l-3 are clearly satisfied. We verify Property 4 by exhaustion. Let (x:, t) E Z x W.
(y::> (,4,) c-WZki
(i:;:l) (t+;&)'-'ki is+3 +ig3(i";'l) (t-;+l)w--lk" 
(,ti)(-ljiki + (,,,') (t;'> (-l)t+lkt+' =k+$r;) (t+;-i)(-')iki +(,,:') (t;l)(-l)t+lk'+l +("";') (t;l)(-l)'+lk"+l -(i) (tQk2 -(:) (t:1)k2 + (""t") (;) (-l)t+'-lkt+l k2 = 0.
CASE 3. z < 0.
By definition of S, we have S(z, t) = 1 -S(-a: -1, t), and hence, by Case 1 if x 2 -2, we have L&(x, t) = S(x, t + 1) -kS(x + 1, t) + (2k -l)S(x, t) -kS(x -1, t) = (1 -S(-x -1, t + 1)) -k(1 -S(-ZIT -2, t)) + (2k -l)(l -S(-a: -1, t)) -k(1 -S(-x, t)) = -[S(-x -1, t + 1) -kS(-x, t)) + (2k -l)S(-x -1, t) -kS(-x -2, t)] = -L&(-x
-1, t) = 0, and by Case 2, if x = -1, we have
Therefore, for all (x, t) E Z x W we have L,,p!3(x, t) = 0. I
In the following lemma, we verify the properties of S required in our main results. The Green's function will then be defined accordingly. LEMMA 2.1. For all x, y E Z and t, s E W with t > s:
(1) L,,$(y -x -1, t -s -1) = 0; and (2) L,,tAyS(y -x -1, t -s -1) = 0.
PROOF. Supposex,yEZandt,sEWwitht>s.
LetX=y-x-l,Z=y-x,andT=t-s-l; then X, 2 E Z and T E UV. Therefore, by Theorem 2. for all x, y E Z and t, s E W with t 2 s. The important properties of the Green's function are inherited from S and were proven in Theorem 2.1 and Lemma 2.1.
EXISTENCE AND UNIQUENESS OF SOLUTIONS
We begin by finding a solution to the homogeneous discrete diffusion equation with initial condition at t = 0. Note that this solution has the same form as the solution of the homogeneous diffusion equation with initial condition at t = 0. 
